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Summary.-A cell line, TCCSUP, derived from an undifferentiated, Grade IV
transitional cell carcinoma is described. The karyotype showed an abnormal
distribution of chromosomes, with no obvious modal number. Distinct marker
chromosomes were observed in both early and late in vitro passages. These cells
have been subcultured over 50 times during a 20-month period. TCCSUP differs
in certain morphological and immunological features from other cell lines from
transitional cell carcinomas.
HUMAN tumours established in tissue
culture as long-term cell lines can provide
invaluable material for biological research.
Since establishment of the HeLa cell
line from an adenocarcinoma of cervix
by Gey, Coffman and Kubieck (1952),
a variety of other human tumour cell
lines have been reported (Fogh and
Trempe, 1975). Although the culture
ofcells from human urinary tract tumours
was begun as early as 1917 (Burrows,
Burns and Suzuki, 1917), no long-term
cell lines were available until Rigby
and Franks (1970) characterized the line
RT-4 from a differentiated transitional
cell carcinoma (TOC) ofbladder. Bubenik
et al. (1973) described another cell line,
T-24, originated from an anaplastic TCC
of human urinary bladder. Elliot et
al. (1974) characterized a line, 253J,
derived from a lymph node metastasis
of a patient with multiple TCC of the
urinary tract. Recently, O'Toole et al.
(1976) reported the establishment of a
cell line derived from a documented squa-
mous cell carcinoma of urinary bladder.
Long-term cell lines from human TCC
have been used in immunological studies.
The results have suggested that cells
derived from TCC retain tumour-asso-
ciated antigens (Bubenik et al., 1973;
O'Toole et al., 1974; Hakala and Lange,
1974). The majority of these studies
have employed the established TOC cell
lines, T24 and/or RT4. To determine
the biological significance of these ob-
servations, more well-characterized cell
lines of urothelial origin are required.
In this paper we describe one such cell
line, TCCSUP, derived from a highly
anaplastic primary TOC of urinary blad-
der.
MATERIALS AND METHODS
A 67-year-old female with a history of
chronic cigarette smoking was admitted to
the UCLA Hospital in December 1974.
The patient had a 4-month history of gross
haematuria. Cystoscopic biopsy revealed
an anaplastic carcinoma in the neck of the
urinary bladder. Bone metastases were
confirmed, and cerebral spread was suspected.
A haemorrhagic diathesis developed following
cystoscopy and transurethral resection of the
neoplasm, which resulted in the patient's
death 3 weeks after admission.
Tissue culture reagents.-Medium 199
(with Hanks' salts) containing penicillin
(100 iu/ml), streptomycin (100 ,ug/ml) and
glutamine (0.3 mg/ml), and foetal calf serum
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(FCS) heat-inactivated at 56°C for 1 h,
was used to supplement the Medium 199,
at a final concentration of 20%. Tris-
buffered Hanks' salt solution (TH), con-
taining 100 iu penicillin and 100 pg strepto-
mycin/ml, was used for all preparative
work. Trypsin (0.05%) + EDTA (0 02%)
solution was used for subculturing.
Tissue culture.-Immediately after sur-
gery, the tumour specimen was placed in
TH. Primary cultures were prepared as
described by O'Toole et al. (1976). The
tumour was washed free of blood with TH.
Viable tissue was separated from necrotic
material, minced into (1-2) mm2 pieces and
placed in a 25-cm2 tissue culture flask
previously moistened with culture medium.
The flasks were incubated at 37°C inair + 5%
CO2 for 1 h. Viable explants adhered to
the flask surface under these conditions.
Culture medium was then added, to cover
the explants without dislodging them. The
medium was changed every second day
until growth was stabilized. When out-
growth from explants reached confluency,
cells were passaged using trypsin-EDTA
solution. The single-cell suspension obtained
was diluted with TH containing 10% FCS
and centrifuged at 300 g for 10 min. The
cells were washed twice with TH + 10%
FCS, suspended in culture medium, and
seeded at a concentration of approximately
5 x 105 cells per 25-cm2 flask.
Cryopreservation of tissue culture cells.-
Cells from different passages were stored
at -110oC in the gas phase of liquid N2.
Cryopreservation and recovery of frozen
cells was carried out as described by O'Toole
et al. (1976).
Mycoplasma testing.-The cultured cells
were monitored for mycoplasma contamina-
tion by a modification of the method of
Russell, Newman and Williamson (1975)
and O'Toole et al. (1976). Cells were also
examined for mycoplasma contamination by
transmission electron microscopy.
Karyotypeanalysis.-Chromosome spreads
were prepared from mitotically active cul-
tures, following an 18-h exposure to colcemid
and hypotonic KCI treatment. A modi-
fication of the trypsin-Giemsa banding tech-
nique of Seabright (1971) was used to stain
chromosomes.
Electron microscopy.-Cells grown in
monolayer were harvested by treatment
with trypsin-EDTA solution and washed
twice in TH + 10% FCS. For transmission
electron microscopy (TEM), a pellet of
approximately 107 cells was fixed in a 2%
solution ofbufferedglutaraldehyde, osmicated
in 1% buffered osmium tetroxide, dehydrated
in a series of increasing concentrations of
ethanol in water, and embedded in epoxy
resin. Thin sections were stained with
uranyl acetate and lead citrate. For scan-
ning electron microscopy (SEM), cells in
monolayers were processed in the same way
as for TEM. The dehydrated monolayer
was transferred to the critical point apparatus
and liquid C02 from absolute ethanol. The
dried monolayer was coated with carbon and
80 : 20 gold: platinum.
Assay for cellular cytotoxicity.-Effector
cells: Lymphoid cells were prepared from
peripheral blood of patients with superficial
TCC and control donors as described pre-
viously (O'Toole et al., 1974). Defibrinated
blood was mixed in 3 : 1 v/v with a 3%
solution of gelatin, and incubated for 1 h
at 37°C. The leucocyte-plasma supernatant
was transferred to a nylon fibre column,
and incubated for 30 min at 37°C in air
containing 5% CO2. Non-adherent cells
eluted from the nylon column were treated
with Tris-buffered ammonium chloride solu-
tion at 4°C, to remove residual erythrocytes.
Lymphoid cells, after thorough washing,
were incubated 18 h at 37°C in air + 5%
CO2, at a concentration of 2 x 106/ml in
tissue culture medium before testing.
Target cells.-The following cell lines
derived from transitional cell carcinomas
were tested: T24 (Bubenik et al., 1973),
J82 (O'Toole et al., 1974), TCCSUP, and a
line derived from a squamous carcinoma
of bladder, SCaBER (O'Toole et al., 1976).
The cell line HCV-29 (J. Fogh, unpublished)
from non-malignant bladder epithelium, was
used as a control target cell. Monolayers, of
approximately 5 x 105 cells in 5 ml Medium
199 containing 10% FCS, antibiotics and
glutamine were each labelled with 50 ,uCi
51Chromium (sp. act. 500 Ci/g Cr) for 18 h
at 37°C in air + 5% CO2. Single-cell sus-
pensions were then prepared by treatment
with trypsin-EDTA. The cells were washed
3 times in TH + 10% FCS. Cell viability,
estimated by trypan blue dye exclusion,
was .98%.
Cytotoxicity tests were performed in
(10 x 75) mm glass tubes, each containing
5 x 103 target cells. Lymphoid cells were
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FIG. 1.-Biopsy of original bladder tumour specimen shows an anaplastic carcinoma with sheets
of ill-defined cells. The cells have round or ovoid hyperchromatic nuclei and scant cytoplasm.
H.andE. x220.
FIG. 2.-Semiconfluent monolayer of TCCSUP, growing in 36th in vitro passage, featuring cells
with both epitheloid and fibroid morphology. Phase contrast x 250.
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added to the targets at ratios of 50: 1
and 25: 1. The total incubation volume
was 1 ml/tube. Each parameter was tested
in duplicate. Tubes were centrifuged at
200 g for 5 min, and incubated 24 h in
37°C in air + 5% Co2. After incubation,
half the supernatant was removed for
counting of radioactivity. Total isotope
released was compared to total incorporated.
Results are corrected for spontaneous release
by targets incubated with medium alone.
Variation in release between duplicate tubes
was ±4%. Maximum release from targets
after 2 cycles of freeze-thawing was 80%.
RESULTS
Morphology of the tumour specimen
(Fig. 1.) The tumour was composed
of ill-defined sheets of cells, compatible
with a Grade IV transitional carcinoma.
The bladder mucosa and muscle were
replaced by ulcerated necrotic neoplastic
sheets of cells, lacking evidence of organi-
zation or differentiation. The tumour
cells were small, with round or ovoid,
hyperchromatic nuclei. Numerous mito-
tic figures were present. The cytoplasm
was scanty and not delimited.
Morphology of cultured tumour cells
(a) Macromorphology: cell outgrowth
from explants was apparent 24h after
culturing. The cells reached confluency,
with a multilayered growth pattern,
within 2 weeks. After subculturing, con-
fluency was attained in 7-10 days.
Subsequently, the cells were passaged
every 4-6 days. The cultured cells were
FIG. 3.-Three cells with active cytoplasm and surface membranes. The dense population of
ribosomes and secretion products in the distended lumen of the rough endoplasmic reticulum
indicates a high rate of synthetic activity. Zeiotic membrane probably represents pre-mitotic
activity. x 3375.
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of mixed morphology, with both epi-
theloid and fibroid appearance (Fig. 2).
The growth pattern was irregular, and
contact inhibition was not evident. Multi-
layering occurred after the monolayer
reached confluency. After the tenth tis-
sue culture passage, the cells were grown
with 10% FCS. To date, the cells are
in the 50th in vitro passage, after 20
months in culture. The cell doubling
time in culture is 36 h.
(b) Micromorphology: (Fig. 3): The
micromorphology of TCCSUP cells by
TEM resembled that of normal bladder
mucosa (Battifora, Eisenstein and Mc-
-Donald, 1964). However, microvilli and
lipid bodies were present, and desmosomes
were not observed. Variation in the
shape and structure of cells could reflect
phases of cell cycle and/or variations in
metabolic activity.
A pleiomorphic nucleus with clumped
and marginated chromatin was seen in
all cultured cells. The amount and
activitv of rough endoplasmic reticulum
(RER) varied from cell to cell. The
lumen of the RER was greatly distended
in some cells by accumulated metabolic
products. Mitochondria were evident,
but the majority of these organelles
showed degenerative changes which ap-
peared hydropic.
The cells contained numerous lipid
bodies, a characteristic not uncommon
in cells after long term in vitro culture.
Microtubules were present in the cyto-
plasm of suspended cells, but microfila-
ments were not prominent. Numerous,
long, attenuated microvilli were seen in
the cells (Fig. 3), a characteristic common
to cells cultured in suspension (Springer,
Hackett and Nelson-Rees, 1976). Scan-
ning EM of cells in monolayer showed
a " hairy " surface of the spherical cells
(Fig. 4) contrasting with the spare " stub-
ble" of short microvilli on the surface
of flattened cells (Fig. 5). The static
edges ofthe monolayer cells were relatively
free of microvilli, but the moving edge
was typically ruffled. Occasional micro-
villi occurred on the ruffles (Fig. 5)
(Price, 1972).
FIG. 4. Scanning electron micrograph (SEM) ofTCCSUP. A rounded-up cell with " hairy " surface
is similar to the surface ofnon-attached cells (see in Fig. 3). Flattened cells with ruffled membrane
and short microvilli are attached to the substrate. x 4095.
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FIG. 5.-SEM of an attached cell showing a cytoplasmic membrane studded with short microvilli
and occasional blebs. The moving edge shows ruffling. x 4315.
Karyotype analysis
The chromosome composition and
number of cells counted at passages 12
and 35 are shown in Table I. The
distribution of chromosomes was ab-
normal, with no obvious modal number
or stem line. All cells examined were
hypotetraploid. The XXchromosomecons-
titution of the female donor was evident.
Two cells with 77 chromosomes and
one with 79 chromosomes were analysed
in detail at passage 12. One cell with
77 chromosomes showed extra chromo-
somes in Groups B, C, D, E and F,
and 10 marker chromosomes were present.
Other cells showed similar patterns, except
that one chromosome in Group B was
missing, and 11 markers were present.
The cell with 79 chromosomes showed
extra numbers in Groups A, C, D, E
and F: chromosome number 5 was absent
and 9 markers were seen. One marker
chromosome resembled the Y chromo-
some. Quinacrine fluorescent staining,
however, failed to demonstrate any evi-
dence of a Y. One cell with 70 chromo-
somes and 2 with 72 were analysed at
passage 35. The karyotype of a cell
with 71 chromosomes is presented in
Fig. 6. Both addition and deletion of
chromosomes occurred in various groups,
and several markers were present. Analy-
sis of the cells with 72 chromosomes
showed similar findings (Fig. 7). It is
interesting to note that the karyotypes
of these 2 cells were not identical. Cells
TABLE I.-Distribution of Chromosome Numbers
Tissue Chromosome numbers Total no.
culture of cells
passage 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 117 counted
12 -- - 1- 3 5 1 3 2 3 2 3 6 3 2 --- 1 1 36
35 1- 1 1 6 4- 2 2- 1- -- - 18
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FIG. 6.-Trypsin-Giemsa banded karyotype of a cell with 70 chromosomes at passage 35. 10
marker chromosomes are arranged below the normal chromosomes.
FIG. 7.-Karyotype of a cell with 72 chromosomes at passage 35. 12 marker chromosomes
are shown.
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from passage numbers 12 and 35 showed
some common marker chromosomes, al-
though the average chromosome numbers
were reduced in the later passage. The
marker chromosomes found were not
typical for those found in HeLa cells
as reported by Nelson-Rees, Flander-
meyer and Hawthorne (1974).
HL-A typing
HL-A 2, 3, 7 and 12 were detected on
the cultured cells.
Cryopreservation
Cells from the first passage onward
were recovered successfully with >90%
viability after frozen storage.
Mycoplasma contamination
The cell line was monitored for myco-
plasma contamination by a fluorescence
method (O'Toole et al., 1976) and by
transmission electron microscopy. No
contamination was detected.
Cytotoxicity reactions on cell lines from
TCC
Table II shows a representative ex-
periment in which 4 cell lines from
bladder neoplasms and 1 line from non-
malignant bladder epithelium were com-
pared in their susceptibility to lysis by
lymphoid cells from patients with early
stage TCC. Lymphoid cells from the
patients with stage Ti or T2 TCC caused
significant release of isotope from the
lines T24 and J82 from TCC. However,
TCCSUP, also of TCC origin, was not
affected. Cells from a squamous car-
cinoma of bladder, SCaBER, and non-
malignant urothelium HCV-29 were also
not lysed. Lymphoid cells from a normal
donor and a patient with urethritis
produced no significant lysis of any
target.
DISCUSSION
The cell line described derived from
an extremely anaplastic transitional cell
carcinoma. The histology of the original
tumour showed a total replacement of
the bladder mucosa and muscle by
ulcerated and necrotic tumour. At the
time the specimen from the bladder was
obtained for tissue culture, the patient
already had metastases to the skeleton.
Cells from this tumour adapted to in
vitro culture within a few days. It has
been our experience that cells from
bladder tumours which metastasize in
vivo are easily established in long-term
tissue culture. Conversely, cells from
superficial localized TCC were much slower
to grow in vitro, and they rarely survived
TABLE II.-Cytotoxic Effect ofLymphocytesfrom Bladder Cancer Patients on TCC Target
Cells, Assayed by Percentage 51Cr Release*
Donor
1 TCC
Stage Ti
2 TCC
Stage T2
3 Urethritis
4 Normal
Healthy
ri
c
A
I
I
I
E :T
50 : 1
25: 1
50 : 1
25: 1
50: 1
25 : 1
50: 1
25 : 1
* Corrected for spontaneous
isotope release: viz.
r24 J82 TCCSUP SCaBER HCV-29
29 19 6 2 2
12 7 2 4 3
16 12 1 2 5
11 6 0 0 2
5 1 2 2 0
1 3 1 3 0
2 0 0 3 0
1 0 0 0 0
25 32 31 33 28
E : T = Effector : target cell ratio.
Incubation time 24 h.
T24, J82, TCCSUP cells from TCC. J82 tested in passage 8; TCCSUP in passage 15.
SCaBER cell line from squamous carcinoma bladder, passage 13.
HCV-29 cell line from non-malignant bladder epithelium.
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prolonged culture. We have attempted
to culture material from urothelial tu-
mours from various anatomical locations,
showing varied levels of differentiation.
Only 2 of 18 early-stage tumours grew in
vitro. However, of 3 tumours which
rapidly metastasized in the patient, all
were successfully established in culture.
One of these lines is reported in detail
elsewhere (O'Toole et al., 1976). These
general observations agree with those
ofFogh and Trempe (1975), who described
22 cell lines from human solid tumours
which, with a single exception, originated
from highly malignant tissue.
The anaplastic nature ofthe neoplasm
from which TCCSUP derived is reflected
in the lack of differentiation seen in
the cultured cells. The morphology of
these cells varied from epithelial to
fibroid. The line showed, however, dis-
tinct marker chromosomes and a tendency
toward hypotetraploidy.
It has previously been observed that
lymphoid cells from patients with low-
stage TCC selectively destroy cells from
TCC (O'Toole et al., 1974). In those
experiments, TCC target cells were from
the lines T24, RT4 and J82. T24 and
J82 were derived from invasive TCC
which had not metastasized. RT4 origin-
ated from a well differentiated papillary
TCC (Rigby and Franks, 1970). These
results suggested that these lines expressed
common " antigens " which sensitized
lymphoid cells from TCC patients recog-
nized. We are developing new cell lines
of urothelial origin to investigate the
prevalence of shared " antigens " in uro-
thelial tumours. The data presented in
Table II show that antigenic differences,
as defined by this assay for lymphoid
cell cytotoxicity, exist between TCCSUP
and 2 other lines from TCC. TCCSUP
and a line from a squamous carcinoma
of bladder, SCaBER (O'Toole et al.,
1976) were not susceptible to lysis by
lymphoid cells which lysed T24 and J82.
These differences could be quantitative,
in that TCCSUP may have a lower
density of surface " antigen " and hence
be not readily recognized by sensitized
lymphoid cells. Alternatively, TCCSUP
may not express the relevant components
which are present in T24, J82 and RT4
cells. The biological relevance of such
differences between malignant cells de-
rived from a common histological origin
remains to be determined.
We thank Dr.J. Waisman, Department
of Pathology, UCLA School of Medicine
for providing the histology on the original
tumour specimen. This study was sup-
ported by Grant 16880 from the National
Bladder Cancer Project.
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